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Recently, conceptually new physics beyond the Standard Model has been proposed by Georgi, where a
new physics sector becomes conformal and provides “unparticle” which couples to the Standard Model sec-
tor through higher dimensional operators in low energy effective theory. Among several possibilities, we focus
on operators involving the (scalar) unparticle, Higgs and the gauge bosons. Once the Higgs develops the vacuum
expectation value (VEV), the conformal symmetry is broken and as a result, the mixing between the unparticle
and the Higgs boson emerges. In this paper, we consider a natural realization of bosonic seesaw in the context of
unparticle physics. In this framework, the negative mass squared or the electroweak symmetry breaking vacuum
is achieved as a result of mass matrix diagonalization. In the diagonalization process, it is important to have zero
value in the (1, 1)-element of the mass matrix. In fact, the conformal invariance in the hidden sector can actually
assure the zero of that element. So, the bosonic seesaw mechanism for the electroweak symmetry breaking can
naturally be understood in the framework of unparticle physics.
INTRODUCTION
In spite of the success of the Standard Model (SM) in de-
scribing all the existing experimental data, the Higgs boson,
which is responsible for the electroweak symmetry breaking,
has not yet been directly observed, and is one of the main tar-
gets at the CERN Large Hadron Collider (LHC). At the LHC,
the main production process of Higgs boson is through gluon
fusion, and if Higgs boson is light, say mh . 150 GeV, the
primary discovery mode is through its decay into two photons.
In the SM, these processes occur only at the loop level and
Higgs boson couples with gluons and photons very weakly.
A certain class of new physics models includes a scalar field
which is singlet under the SM gauge group. In general, such a
scalar field can mix with the Higgs boson and also can directly
couple with gluons and photons through higher dimensional
operators with a cutoff in effective low energy theory. Even if
the cutoff scale is very high, say, 100-1000 TeV, the couplings
with gluons and photons can be comparable to or even larger
than those of the Higgs boson induced only at the loop level in
the SM. This fact implies that if such a new physics exists, it
potentially has an impact on Higgs boson phenomenology at
the LHC. In other words, such a new physics may be observed
together with the discovery of Higgs boson.
As one of such models, in this letter, we investigate a new
physics recently proposed by Georgi [1], which is described in
terms of ”unparticle” provided by a hidden conformal sector
in low energy effective theory. A concrete example of unpar-
ticle staff was proposed by Banks-Zaks [2] many years ago,
where providing a suitable number of massless fermions, the-
ory reaches a non-trivial infrared fixed points and a conformal
theory can be realized at a low energy. Various phenomeno-
logical considerations on the unparticle physics have been de-
veloped in the literature [3, 4]. It has been found that inclusion
of the mass term for the unparticle plays an important role es-
pecially in studying about the Higgs-unparticle systems [5],
indeed we have studied the unparticle physics focusing on the
Higgs phenomenology including the effects of the conformal
symmetry breaking [6], and there are some other studies on
the Higgs phenomenology in the literature of the unparticle
physics [7]. Inclusion of such effects of the conformal sym-
metry breaking or the infrared (IR) cutoff is also considered in
the literature of hadron collider physics [8], and in the model
of colored unparticles [9]. There has also been studied on the
astrophysical and cosmological applications of the unparticle
physics [10], especially, we have proposed a possibility for
the unparticle dark matter scenario [11]. And there are some
studies on the more formal aspects of the unparticle physics
[12] and its effects to the Hawking radiation [13].
Now we begin with a review of the basic structure of the
unparticle physics. First, we introduce a coupling between
the new physics operator (OUV) with dimension dUV and the
Standard Model one (OSM) with dimension n,
L = cn
MdUV+n−4
OUVOSM, (1)
where cn is a dimension-less constant, and M is the energy
scale characterizing the new physics. This new physics sector
is assumed to become conformal at a energy ΛU , and the op-
eratorOUV flows to the unparticle operator U with dimension
dU . In low energy effective theory, we have the operator of
the form,
L = cn Λ
dUV−dU
U
MdUV+n−4
UOSM ≡ 1
ΛdU+n−4
UOSM, (2)
where the dimension of the unparticle U have been matched
by ΛU which is induced the dimensional transmutation, and
Λ is the (effective) cutoff scale of low energy effective theory.
In this paper, we consider only the scalar unparticle.
It was found in Ref. [1] that, by exploiting scale invariance
of the unparticle, the phase space for an unparticle operator
with the scale dimension dU and momentum p is the same as
the phase space for dU invisible massless particles,
dΦU (p) = AdU θ(p
0)θ(p2)(p2)dU−2
d4p
(2π)4
, (3)
where
AdU =
16π
5
2
(2π)2dU
Γ(dU + 12 )
Γ(dU − 1)Γ(2dU ) . (4)
Also, based on the argument on the scale invariance, the
(scalar) propagator for the unparticle was suggested to be [3]
AdU
2 sin(πdU )
i
(p2)2−dU
e−i(dU−2)pi . (5)
Because of its unusual mass dimension, unparticle wave func-
tion behaves as ∼ (p2)(dU−1)/2 (in the case of scalar unparti-
cle).
UNPARTICLE AND THE HIGGS SECTOR
First, we begin with a brief review of our previous work
on the Higgs phenomenology in the unparticle physics [6].
Among several possibilities, we will focus on the operators
which include the unparticle and the Higgs sector,
L = 1
ΛdU+n−4
UOSM(H†H) + 1
Λ2dU+n−4
U2OSM(H†H) ,
(6)
where H is the Standard Model Higgs doublet and
OSM(H†H) is the Standard Model operator as a function of
the gauge invariant bi-linear of the Higgs doublet. Once the
Higgs doublet develops the VEV, the tadpole term for the un-
particle operator is induced,
L/U = Λ4−dU/U U , (7)
and the conformal symmetry in the new physics sector is bro-
ken [5]. Here, Λ4−dU/U = 〈OSM〉/ΛdU+n−4 is the conformal
symmetry breaking scale. At the same time, we have the inter-
action terms between the unparticle and the physical Standard
Model Higgs boson (h) such as (up to O(1) coefficients)
LU−Higgs =
Λ4−dU/U
v
Uh+
Λ4−dU/U
v2
Uh2
+
Λ4−2dU/U
v
U2h+
Λ4−2dU/U
v2
U2h2 + · · · , (8)
where v = 246 GeV is the Higgs VEV. In order not to cause a
drastic change or instability in the Higgs potential, the scale of
the conformal symmetry breaking should naturally be smaller
than the Higgs VEV, Λ/U . v. When we define the ‘mass’
of the unparticle as a coefficient of the second derivative of
the Lagrangian with respect to the unparticle, U , then the
mass of the unparticle can be obtained in the following form,
m2−dUU = Λ
2−dU
/U .
As operators between the unparticle and the Standard
Model sector, we consider
LU = −λg
4
U
ΛdU
GAµνG
Aµν − λγ
4
U
ΛdU
FµνF
µν , (9)
where we took into account of the two possible relative signs
of the coefficients, λg = ±1 and λγ = ±1. We will see that
these operators are the most important ones relevant to the
Higgs phenomenology.
Now let us focus on effective couplings between the Higgs
boson and the gauge bosons (gluons and photons) of the form,
LHiggs−gauge = 1
v
Cgg hG
A
µνG
Aµν +
1
v
Cγγ hFµνF
µν .
(10)
As is well-known, in the Standard Model, these operators are
induced through loop corrections in which fermions and W-
boson are running [14]. For the coupling between the Higgs
boson and gluons, the contribution from top quark loop dom-
inates and is described as
CSMgg =
αs
16π
F1/2(τt), (11)
where αs is the QCD coupling, and τt = 4m2t/m2h with
the top quark mass mt and the Higgs boson mass mh. For
the coupling between the Higgs boson and photons, there are
two dominant contributions from loop corrections though top
quark and W-boson,
CSMγγ =
α
8π
(
4
3
F1/2(τt) + F1(τW )
)
, (12)
where τW = 4M2W /m2h with the W-boson mass MW . In
these expressions, the structure functions are defined as
F1/2(τ) = 2τ [1 + (1− τ) f(τ)] ,
F1(τ) = − [2 + 3τ + 3 (2− τ) f(τ)] (13)
with
f(τ) =

[
sin−1 (1/
√
τ)
]2
(for τ ≥ 1),
− 14
[
ln
(
1+
√
1−τ
1−√1−τ
)
− iπ
]2
(for τ < 1).
Note that even though the effective couplings are loop sup-
pressed in the Standard Model, they are the most important
ones for the Higgs boson search at the LHC and ILC. In the
wide range of the Higgs boson mass mh < 1 TeV, the domi-
nant Higgs boson production process at the LHC is the gluon
fusion channel though the first term in Eq. (10). If the Higgs
boson is light, mh < 2MW , the primary discovery mode of
the Higgs boson is on its decay into two photons, in spite of
this branching ratio is O(10−3) at most. Therefore, a new
physics will have a great impact on the Higgs phenomenol-
ogy at LHC and ILC. if it can provide sizable contributions to
the effective couplings in Eq. (10). Furthermore, the fact that
the Standard Model contributions are loop-suppressed implies
that it is relatively easier to obtain sizable (or sometimes big)
effects from new physics.
Now we consider new contributions to the Higgs effective
couplings induced through the mixing between the unparticles
and the Higgs boson (the first term in Eq. (8)) and Eq. (9), in
other words, through the process h → U → gg or γγ. We
can easily evaluate them by using the vertex among the un-
particle, the Higgs boson and gauge bosons and the unparticle
2
propagator as
CUgg,γγ = Λ
4−dU
/U
(
AdU
2 sin(πdU )
e−i(dU−2)pi
(m2h)
2−dU
)(
λg,γ
ΛdU
)
= λg,γ
AdU e
−i(dU−2)pi
2 sin(πdU )
(
Λ/U
mh
)4−dU (mh
Λ
)dU
,
(14)
where we replaced the momentum in the unparticle propa-
gator into the Higgs mass, p2 = m2h. The unparticle con-
tributions become smaller as mh and Λ (Λ/U ) become larger
(smaller) for a fixed 1 < dU < 2. Note that in the limit
dU → 1, the unparticle behaves as a real scalar field and
the above formula reduces into the one obtained through the
mass-squared mixing Λ3/U/v between the real scalar and the
Higgs boson.
Let us first show the partial decay width of the Higgs boson
into two gluons and two photons. Here we consider the ratio
of the sum of the Standard Model and unparticle contributions
to the Standard Model one,
R =
ΓSM+U (h→ gg, γγ)
ΓSM(h→ gg, γγ) =
|CSMgg, γγ + CUgg, γγ |2
|CSMgg, γγ |2
.
(15)
and we define the event number ratio (r),
r =
σSM+U (gg → h)× BRSM+U (h→ γγ)
σSM(gg → h)× BRSM(h→ γγ)
=
|CSMgg + CUgg|2 × |CSMγγ + CUγγ |2
|CSMgg |2 × |CSMγγ |2
. (16)
Using Eqs. (11), (12) and (14) we evaluate the ratio of the
partial decay widths as a function of dU . The numerical results
in Ref. [6] show that, even for Λ = O(1000 TeV), we can see
a sizable deviation of O(10%) from the Standard Model one
with dU ∼ 1. Here, it is shown that the relative sign λg,γ play
an important role in the interference between the unparticle
and the Standard Model contributions.
As discussed before, once the Higgs doublet develops the
VEV, the conformal symmetry is broken in the new physics
sector, providing the tadpole term in Eq. (7). Once such a tad-
pole term is induced, the unparticle will subsequently develop
the VEV [5, 7] whose order is naturally the same as the scale
of the conformal symmetry breaking,
〈U〉 = (c Λ/U)dU . (17)
Here we have introduced a numerical factor c, which can be
c = O(0.1) − O(1), depending on the naturalness criteria.
Through this conformal symmetry breaking, parameters in the
model are severely constrained by the current precision mea-
surements. We follow the discussion in Ref. [5]. From Eq. (9),
the VEV of the unparticle leads to the modification of the pho-
ton kinetic term,
L = −1
4
[
1± 〈U〉
ΛdU
]
FµνF
µν , (18)
which can be interpreted as a threshold correction in the gauge
coupling evolution across the scale 〈U〉1/dU . The evolution of
the fine structure constant from zero energy to the Z-pole is
consistent with the Standard Model prediction, and the largest
uncertainty arises from the fine structure constant measured at
the Z-pole [15],
α̂−1(MZ) = 127.918± 0.019.
This uncertainty (in the MS scheme) can be converted to the
constraint,
ǫ =
〈U〉
ΛdU
. 1.4× 10−4. (19)
This provides a lower bound on the effective cutoff scale. For
dU ≃ 1 and Λ/U ≃ v we find
Λ & c× 1000 TeV,
This is a very severe constraint on the scale of new physics,
for example, Λ & 100 TeV for c & 0.1.
A similar bound can be obtained by the results on Higgs
boson search through two photon decay mode at the Tevatron.
With the integrated luminosity 1 fb−1 and the Higgs boson
mass around mh = 120 GeV for example, the ratio r is con-
strained to be r . 50 [16]. For dU ≃ 1, this leads to the
bound,Λ & 60 TeV, which is, as far as we know, the strongest
constraint on the cutoff scale by the current collider experi-
ments.
BOSONIC SEESAW IN THE UNPARTICLE PHYSICS
Now we turn to the discussion of a realization of bosonic
seesaw [17, 18] in the context of unparticle physics. The basic
idea of bosonic seesaw mechanism proposed in [17, 18] is to
consider a bosonic analogy of the original seesaw mechanism
[19] in the neutrino physics. In the case of neutrinos, the light
neutrino mass eigenvalues are obtained after diagonalizing the
2× 2 matrix for one generation.
Mν =
(
0 mD
mD M
)
(20)
wheremD is the Dirac neutrino mass matrix andM represents
the mass of the heavy right handed neutrino.
Assuming the heavy right handed Majorana mass scale
M ≫ mD, the lightest mass eigenvalue of this mass matrix is
given by
mν = −m
2
D
M
. (21)
There is no physical meaning of the minus sign In the case of
neutrinos since we can always absorb such a irrelevant phase
factor by redefining the fields (rephasing).
However, in the case of scalar fields, such a phase factor
possesses a physical meaning, and we cannot erase it by re-
definition of the fields. This is a point for the bosonic seesaw
3
works to make a mass squared of scalar fields negative after
the diagonalization.
The mass squared matrix of the unparticle-Higgs system is
written by
M2h =
(
0 Λ4−dU/U /v
Λ4−dU/U /v λv
2
)
, (22)
where λ stands for the Higgs self coupling,
LHiggs = µ2h (H†H) + λ (H†H)2 (23)
with λ > 0.
Assuming the conformal symmetry breaking scale in the
hidden sector is smaller than the weak scale, Λ/U . v, then
the eigenvalue of the mass matrix (22) after diagonalization is
given by
µ2h = −
Λ8−2dU/U
λv4
. (24)
Thereby, the negative mass squared (µ2h < 0) or the elec-
troweak symmetry breaking vacuum is achieved as a result of
the mass matrix diagonalization. In this diagonalization pro-
cess, it is important to have zero value in the (1, 1)-element of
the mass matrix. In fact, the conformal invariance in the hid-
den sector can actually assure the zero of that element. So, the
bosonic seesaw mechanism [17, 18] for the electroweak sym-
metry breaking can naturally be understood in the framework
of unparticle physics.
SUMMARY
In conclusion, we have considered the unparticle physics
focusing on the Higgs phenomenology. Once the electroweak
symmetry breaking occurs, the conformal symmetry is also
broken and this breaking leads to the mixing between the un-
particle and the Higgs boson. Providing the operators among
the unparticle and the gauge bosons (gluons and photons), the
unparticle brings the sizable deviation into effective couplings
between the Higgs boson and the gauge bosons, that can be
measured at the LHC through the discovery of the Higgs bo-
son.
In this paper, we specifically considered a realization of
bosonic seesaw [17, 18] in the context of unparticle physics.
In this framework, the negative mass squared or the elec-
troweak symmetry breaking vacuum is achieved as a result
of mass matrix diagonalization. In the diagonalization pro-
cess, it is important to have zero value in the (1, 1)-element
of the mass matrix. In fact, the conformal invariance in the
hidden sector can actually assure the zero of that element. So,
the bosonic seesaw mechanism for the electroweak symme-
try breaking can naturally be understood in the framework of
unparticle physics.
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